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LARGE-SCALE DEWATERING OF PHOSPHATIC CLAY WASTE
FROM NORTHERN FLORIDA

By Annie G. Smelley ! and B. J. Scheiner?

ABSTRACT

The Bureau of Mines 1s testing a dewatering technique for phosphatic
clay waste that will recover a portion of the water lost using conven-
tional waste disposal methods and produce solids suitable for 1land
reclamation. The technique utilizes a flocculant, polyethylene oxide
(PEO), that forms strong, stable flocs that can be dewatered on a static
screen followed by further dewatering on a rotary screen. In field
tests conducted in northern Florida, clay wastes containing a nominal
2.5 pct solids have been consolidated to greater than 20 pct solids.
The rate at which PEO-treated material continues to dewater in a mine
cut also was monitored. Preliminary results indicate that PEO--treated
material will dewater to 30 pct solids in 140 days. Pretreatment of
phosphatic clay waste with lime and H;0, was shown to improve the de-
watering technique for problem clay wastes.

1Supervisory research chemist.
2Supervisory metallurgist,
Tuscaloosa Research Center, Bureau of Mines, University, AL.



INTRODUCTION

Phosphatic clay waste is one of the
principal waste products resulting from
the beneficiation of Florida phosphate

ore, This waste material, which is com-
prised of ultrafine particles (70 pct
less than 1 pum), responds poorly to con-—
ventional solid-liquid separation tech-
niques and 1is currently disposed of by
impoundment behind earthen dams.

The overall natural settling rate of

phosphatic clay waste 1is extremely low
(1).3 Generally, impounded clay wastes
thicken from a nominal 3 pct solids to 10
pct solids in about 3 months. Densifica-
tion to about 18 prct solids may require a
year, and to reach solids contents of 20
pct or higher may require several years.
Data indicate that approximately 90 pct
of the water pumped to the settling pond
is eventually recovered. The remaining
10 pct of the water lost by storage with
the waste clays and by evaporation
amounts to about 5 tons for each ton of
phosphate concentrate produced (2).

The discharge rate of
waste to settling areas ranges between
20,000 and 80,000 gal/min. To accommo-
date the waste, impoundments covering 400
to 600 acres, with dam heights ranging
from 20 to 40 ft, are required (2-3). At
present, in Florida there are_égbroxi—
mately 80,000 acres of active and inac-
tive clay settling areas.

phosphatic clay

To eliminate the wuse of aboveground
disposal, which appears to be the ulti-
mate goal of the State of Florida, new
technology 1is required to process the
wastes generated by most of the Florida
phosphate mines. To use only mined-out
areas for disposal of the clay wastes
raquires that the solids content of the

3Underlined numbers in
fer to items in the list
at the end of this report.

parentheses re-
of references

material be consolidated from an initial
2 to 6 pet to a final 30 to 38 pct. Gen-
erally, at this degree of consolidation,
the volume of clay waste mixed with the
sand from the phosphate beneficiation
sequence would fit into the mine cut
and eliminacte the need for avoveground
storage.,

The Bureau of Mines is testing & dewa--
tering technique for  phosphatic clay
waste that may assist in eliminating
storage by impoundment (4-10). A portion
of the water now being lost using conven-
tional waste disposal methods also can be
recovered, and at the same time the de-—
watered solids produced may be more suit-
able for land reclamation. The procedure

consists of flocculating the clay waste
with a long-chain polymer, polyethylene
oxide (PEO). Combining the phosphatic

clay waste with PEO forms strong flocs
which are tough enough to be dewatered on
a screen. In small-scale continuous
tests, clay waste was consolidated from a
nominal 3 pect solids to 20 pct solids
(10). Based upon these results, a field
test unit (FTU) was operated at Estech's
Silver City Mine, near Bartow, FL. Con-—
solidated phosphatic clay material con-
taining 20 pct solids was produced when
feed slurries of 3 pct solids were treat-

ed with dosages of PEO as low as 0.7 1lb
per ton of feed solids (6). Pit and
column tests indicated that the PEO-

treated material continued to dewater to
30 pct solids in 30 to 90 days, depending
on the level of the ground water Qg).

This report describes further testing
of the PEO dewatering technique at Occi-
dental's Suwannee River Mine in northern
Florida. The investigation included op-
timization of the dewatering sequence and
determining the consolidation rate of the
dewatered material when placed in a pit
that was 9.5 ft below the ground water
level.
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DESCRIPTION OF PHOSPHATIC CLAY WASTE

The solids from many different phos-—
phatic «clay waste samples from Florida
were analyzed by X-ray diffraction. The
results indicate that the major constitu-
ents were apatite, quartz, montmoril-
lonite, and attapulgite, with the ratio
of montmorillonite to attapulgite clay

varying over a wide range, Other phos-
phate minerals such as wavellite and
crandallite, in addition to kaolinite,

found in
on the

illite, and dolomite, were also
various concentrations depending
phosphate deposit.

DESCRIPTION OF FTU OPERATION

Figure 1 shows the trailer-mounted FTU
on location at Occidental's Suwannee
River Mine near White Springs, FL. The
flow sequence of the operation 1is shown
schematically in figure 2. The equipment
included holding tanks for PEO solutions,
slime, and makeup water, a mixing tank
for preparing PEO solutions, a condition-
er for mixing PEO solutions with the clay
waste, a static screen, a trommel screen,
and various pumps to transport solutions,
slurries, and consolidated material. The
static screen measured 8 ft wide by 4 ft
long with 2,75-in-long and 0.030-in-wide
horizontal openings. The trommel, con-
structed of 10-mesh stainless steel
screen with the first 4 ft lined with a
48-mesh screen to prevent loss of solids
as the flocculated material flowed into

the trommel, was 3 ft in -diameter by 12
ft long.

Phosphatic clay waste was pumped to a
5,000-gal holding or feed tank. From

there, waste was pumped at 60 to 200 gal/
min to a mixer where PEO solution was

added. The resulting mixture was dis-
charged into a trough which overflowed
onto the static screen. Released water
was removed as underflow as the consoli-
dated flocs moved down the screen by
gravity and into the trommel, where the
flocs formed a doughlike cylinder (a
roll) as water continued to be released.
The dewatered material discharged from
the trommel was pumped with a positive
displacement pump to a pit, where further
dewatering was monitored.

A commercially manufactured PEO was
used as the flocculant in all the de-
watering tests, The polymer, a nonionic
water-soluble linear molecule, is com-
posed of repeating units of CH,-CH,-0 and
has a molecular weight of approximately 5
million. Solutions of PEO at concentra-
tions of 0.25 pct were prepared in 90-gal
batches and stored in holding tanks.

Water recovered from the static screen
underflow was used for polymer solution
preparation and for dilution of PEO

solutions.

RESULTS AND DISCUSSION

CONSOLIDATION IN PIT

The FTU was routinely
fixed rate of 165 gal/min.

operated at a

"Blue Gumbo
the industry

term wused by
clay waste

Clay,” a
to describe a

containing some monovalent exchange ions
and unoxidized ions such as sulfide, was
present in the Suwannee River phosphate
matrix (11). Therefore, it was necessary
to pretreat the phosphatic clay waste
with hydrated lime, Ca(OH),, and/or to
aerate it to prevent deterioration of the
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FIGURE 1. - Field test unit (FTU).
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FIGURE 2. - Flow sequence for FTU.

flocs before or during the dewatering the bottom of the tank back to the top
sequence (6). To determine the amount of for periods of time ranging from 1 to 20
pretreatment required to produce solids h prior to PEO flocculation. With this
of 20 pct or greater, a series of batch treatment, dewatered products of 19 to 26
tests was conducted in which clay waste pct solids could be produced consistently
was placed in 5,000-gal holding tanks, with a lime dosage of 1 to 5 lb/ton and a
treated with various amounts of lime, retention time of 8 to 20 h.

and agitated by pumping the slurry from



To improve the continuous operation,; a
pit having a capacity of approximately
200,000 gal was constructed. Clay waste
was mixed with 1lime at a dosage of 5 1b
per ton of clay solids and allowed to
flow into the pit. Agitation of the clay
waste in the pit was accomplished by us-
ing four pumps, each pumping at a rate of
120 gal/min. An example of the test re-
sults obtained is shown in table 1., The
FTU was operated for a 6~h test taking
clay waste from cne end of the pit while
freshly treated clay waste was added to
the opposite end of the pit. The PEO do-
sage ranged from 1.04 to 1.44 1b/ton.
The solids content of the discharge from
the static screen ranged from 9.3 to 9.9
pct, and that for the trommel was 18.3 to
21.2 pct. Although some solids were lost
in the underflows (less than 0.1 pct from
the static screen and 0.1 to 0.5 pct from
the trommel), they settled quickly in a
shallow settling pond, allowing clear
water to be recovered from the pond.
From 70 to 80 pct of the water contained
in the phosphatic clay waste was recov-
ered in the static screen wunderflow; 10
to 15 pct of the water was recovered in
the trommel underflow.

TABLE 1. - Results of FTU test using clay
waste treated in pit‘

PEO Solids discharged,
Cumulative dosage, pct
time, min 1b/ton Static Trommel
screen
35 1.04 9.3 20.3
50 1.21 9.7 20.3
95 1.44 9.9 21.2
150 1.29 9.6 20.0
190 1.27 9.7 15.4
230 1.17 9.8 19.0
315 1.16 9.9 19.5
360 1.17 | 9.8 18.3
'PEO concentration used: 0.25 pct.

Since the trommel discharge solids were
somewhat less than the 30 to 38 pct sol-
ids necessary for use 1n land reclama--
tion, it was important to know whether
the material continued to dewater. To
study the behavior of the dewatered ma-
terial in a simulated mine cut, a pit ap-—
proximately 42 by 64 by 1l ft deep was

filled with dewatered clay waste. The
ground water level was 9.5 ft above the
bottom of the pit. The filling required
operation of the FTU at a slime feed rate
of 165 gal/min for 141 h and was com-
pleted on March 2, 1982, During the
filling period, almost 1.3 million gal of
clay waste was treated in the FTU and ap-
proximately 164.000 gal of dewatered ma-

terial was deposited in the pit. The FTU
was operated for 141 h over a l4-day
period, usually during the day shift ex-

cept when around—-the-clock runs of 25 and
31 h were made. The initial solids con-
tent of the slime ranged from 1.25 to
4,03 pct. The solids content of the
trommel discharge fluctuated during the
test period, probably owing to the chang-
ing character of the slime coming from
the beneficiation plant. The average PEO
dosage during the test period was 1.26 1b
per ton of clay solids treated. After
filling, the pit was sampled periodically
at five different locations at 2-ft depth
intervals. Data showing the consolida-
tion of the clay waste in the pit as a
function of time are presented 1in table
2. The last sample was obtained 140 days
after completion of filling and showed
that the material had dewatered from 19
to 30 pct in 140 days.

TABLE 2. - Consolidation of dewatered
material in test pit at Suwannee

River Mine
Average solids,
Time, days pct
Ocovesvcsocsonsosnssans 19
32icactcsssansacoancs 24
30cecescscssccncssnsns 27
Bhosesonsrnsnnnensvas 28
140v s onnssvesvemesos 30

From previous tests conducted at Estech
(6), it was observed that in a pit 5 ft
above the water table, dewatered material
reached 30 pct solids in 30 days and 30
pct in 90 days when placed in a column 3
ft below the water table. A comparison
of the time required to reach 30 pct sol-
ids versus the depth of the water table
for the Estech and Occidental experiments
is shown in figure 3. A straight line is
obtained, indicating that the single most
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FIGURE 3. - Dependence of time of consolida-
tion to 30 pct solids on depth of water table.

important factor influencing the rate of
consolidation in a small pit is the depth
of the water table.

CHEMICAL TREATMENT

For the Occidental phosphatic clay
waste, pretreatment with lime and a hold-
ing time of 8 to 20 h, followed by PEO
flocculation and dewatering in the FTU,
produced a dewatered material generally
greater than 20 pct solids. Due to the
high rate (60,000 gal/min) of phosphatic
clay waste produced at Occidental, a
holding time of 8 to 20 h would require a
large volume. To reduce the holding
time, a series of experiments was con-
ducted to determine if chemical additions
or treatments could be substituted for
holding time in the dewatering sequence.

Chemicals such as hydrogen peroxide
(H;0,), potassium permanganate (KMnOy),
sodium hypochlorite (NaOCl), ferric sul-
fate (Fe,(S04)s), and ozone (03) were
tested, with emphasis being on the use of
H,0, since the degradation products are
innocuous, i.e., oxygen and water.

were conducted on
clay waste that

using the PEO
without pretreat-

Laboratory tests
samples of phosphatic
could not be dewatered
flocculation technique

ment. Aliquots of the wastes were mixed
with wvarious proportions of 1lime and
H,0,; then they were titrated with PEO

at specified time intervals. Optimum
conditions for several different systems
are presented in table 3.

From these results, it is seen that the
severity of the problem with such wastes
varies over a wide range, and addition of
too little or too much H70, lengthens the
required retention time. However, pre-
treatment with a reagent combination of 1
to 4 1b/ton lime and 0.1 to 0.75 1lb/ton
H,0, for periods up to 3 h allowed the
"problem” wastes to be dewatered to a
suitable solids content.

Based on these results, a series of
batch tests was conducted on the FTU.
Batches of approximately 10,000 gal of

received directly
treated with

phosphatic clay waste
from the plant washer were
approximately 5 1lb/ton lime and various
amounts of H,0,. Higher 1lime dosages
were used to ensure adequate additions
despite variations in solids content.

TABLE 3. - Laboratory test conditions producing optimum

dewatering results

Sample | Additives, 1lb/ton |Time, | PEO dosage, Solids, pct
Lime | H,0, h 1b/ton Initial | Final
1-6. .. 0 0 3 3 7 (L
lecess 1 oh 1 2.60 7.32 28.8
206w 2 <1 1 2.33 7.31 27.1
3evene 2 o2 1 2.60 7.11 28.3
beoass 2 «75 1 3.01 Te32 27.3
Seasas 4 .1 1 2.24 7.49 27.5
Biiwnn 4 4 3 2.08 7.49 29.9

"No products.



The i1eagents and clay waste were added to
the tanks over a period of about an hour.

During this time a composite untreated study was made at the end of the campaign
sample was prepared by taking 1-L samples to find a set of conditions that would
every 5 min as the tanks filled. The encompass and treat the extreme varia-
treated waste was sampled when the tanks tions in the clay waste. During this
were full and generally at 45-min inter- study camples were taken from the plant
vals thereafter until laboratory tests clay waste line over a period of several
indicated that the material would de- days, and the following properties were
water, Then the FTU was operated at a measured: conductivity, pH, viscosity,
feed rate of 165 gal/min using 0.25 pct density, solids content, and degree of
PEO. The results shown in table 4 sup-  dewatering Typical data from this se-
port the conclusions from the previous ries of experiments are presented in
tests, Tests 4 and 7 are examples of too table 5.

much and too little H,0,, respectively,

and too little time.

S1
so

nce the
well with

laboratory

the FTU tests,

tests correlated
an on-site

TABLE 4. - Comparison of effect of lime and Hy0, in laboratory tests with FTU tests

Initial Additives, Laboratory FTU
Test | solids, 1b/ton Mixing PEO Product, | Mixing PEO Trommel
pct Lime H,05 time, | dosage, pct time, | dosage, | discharge,
dosage | dosage h 1b/ton solids h 1b/ton | pct solids
l... 1.82 6.7 1.3 2,25 1.92 21.4 2.75 1.18 20.3
2ese 2457 4.8 o .75 1.56 2765 1.00 .90 22,3
g P 2.94 4.2 oh 1.50 1.53 30.5 1.75 1.10 3ted
baan 2.71 4.5 ol 0 2495 13.5 .50 1.34 11.0
Sesn | 343 3.6 ¢5 2.25 2.04 D) 2.50 1.63 27.1
Giciae 3.74 33 .65 2.25 1.60 27.4 2450 1.11 27.3
N 4,65 2.6 .13 1.50 3.23 (H 2.00 2.23 13.9

No products.

TABLE 5. - Results of measurements on untreated phosphatic clay waste samples

Conductivity, Dissolved | Viscosity, | Density, | Initial PEO Water
Test pmho/cm pH oxygen, cP g/mL solids, | dosage, | removed,
, ppm pct 1b/ton mL!
335 7.12 4o7 22.4 1.0098 2.27 17.45 70
2.4, 325 7.40 4,1 87.7 1.0204 3.82 12.83 65
3eas 395 6.42 4.4 10.3 1.02195 4,12 7.72 122
4o., 325 6.46 NA NA NA NA NA 35
Deisce 382 6-18 4,3 16.8 1.0284 4,88 8.47 86
Bo oo 388 6.20 5.6 NA NA 4,01 D1 89
Taoi 405 6.80 5.3 11.4 1.0121 2,28 5.09 160
8eus 445 7.10 6.1 4,3 .9977 .18 13.92 177
s RO 408 6.76 3.9 17.8 1.01235 2.39 17.15 113
105 . 400 6.70 NA 10.5 1.0195 3.48 6.93 186
11.. 428 6.92 1.4 19.7 1.0220 4.05 12.08 70
12.. 420 7.10 4,7 5.6 1.0126 2.42 8.16 166
13 320 6.76 4.1 32.5 1.0244 4,45 6.17 100
l4.. 348 6.52 6.7 9.4 1.0043 1.11 7.40 196

NA Not available.

'Water recovered from a 200-mL sample of clay waste.



TABLE 6. — Continuous dewatering tests using phosphatic clay
waste pretreated with lime and H,0, after 1-h pretreatment

Running Feed Initial Additive dosage,
Test time, h rate, solids, 1b/ton
gal/min pct Lime H,0,
leose 1.25 165 2.28 6.2 0.65
20600 4,17 100 3.58 4,3 .38
3eaee 2.00 100 2.63 5.8 .52
boses 1.75 100 2.12 7.2 «65
Sewae 3.50 100 3.13 4.9 hb
Pre- PEO Static screen Trommel
treatment | dosage, | Under—- | Solids, | Under— | Solids,
time, h | 1b/ton | flows, pct flows, pct
pct pct
Lowse 0.8 1.84 0.04 7.97 0.21 19.9
Zisse 1.3 171 11 13.65 022 25.7
3eene 1.3 1.73 «34 5.13 .59 11.0
bhoooo 1.3 1.62 .20 4,72 .53 11.2
5cene 1.3 1.25 21 11.06 .18 22.0
Samples were subjected to pretreat- To test the validity of this conclu-
ment with various chemicals such as sion, the FTU was operated continuously
H,0,, KMnO4, lime, guar, and chemical under these conditions on 5 separate
polymers of high molecular weight. days by wusing the two 5,000-gal tanks
This pretreatment was evaluated after to achieve the approximate pretreatment
rather short reaction times, no long- time. Lime and H;0, were added to the
er than 4.5 h. The variation 1in clay  phosphatic clay waste as it entered the
waste samples was so great that no tanks at a flow rate equal to that used
prescribed dosage of any of the re- in the FTU operation. With the excep-
agents tested worked for all of the tion of the first test, the feed rate
samples. However, it appeared that to the tanks was maintained at 100 gal/
pretreatment with 1lime and H,0, at min. The results presented in table 6
dosages of 5 and 0.5 1b/ton, respec— indicate that pretreatment with dosages
tively, for 1 h  before flocculation of 4 to 5 1b lime and 0.4 1b H,0, for
with PEO would allow sufficient de- 1.3 h indeed is equivalent to that de-
watering and thus processing on the scribed earlier using the pit and 8 to
FTU. 20 h pretreatment time.
CONCLUSIONS
Phosphatic clay wastes from northern PEO dewatered material continued to
Florida were successfully dewatered in an consolidate when placed in a pit and

FTU at the rate of 165 gal/min. It was
determined that lime addition followed by
a holding time of 8 to 20 h was required
prior to PEO flocculation if 18 to 21 pct
solids were to be produced routinely in
the FTU. Also it was demonstrated that
the addition of 4 to 5 1lb/ton 1lime and
0.4 1b/ton H,0, prior to PEO flocculation
would reduce the required holding time to
1.3 h.

reached 30 pct solids in 140 days. A
comparison of the data obtained from this
investigation with data obtained from a
previous FTU operation indicates that the
water table of the pit is a major factor
in determining the rate at which de-
watered material from the FTU will reach
30 pct solids.
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